A hybrid magnetron sputtering/pulsed laser deposition process was used to grow nanocrystalline yttria stabilized zirconia (YSZ) embedded in an amorphous YSZ/metal matrix. This nanocomposite design reduced friction and improved the toughness of YSZ.
INTRODUCTION
Adaptive nanocomposites, also known as "chameleon coatings", are a class of materials that automatically adjust surface composition and structure to optimize tribological performance as the ambient environment changes. The materials also display the remarkable hardness and toughness common to nanocrystalline/amorphous composites 1 . In this work, the effect of metal and solid lubricant additions on the microstructure and mechanical properties of YSZ-based nanocomposites was investigated in an effort to develop a single material demonstrating low friction and wear in a broad temperature range for aerospace applications.
EXPERIMENTAL
A detailed description of the preparation of the films is given elsewhere 2 . Briefly, pulsed laser deposition was used to deposit zirconia and, for some films, molybdenum disulfide. Two magnetrons, each fitted with a silver or molybdenum target, were operated simultaneously to add metals to the films. The laser pulse rate was fixed and the magnetron target power density was adjusted to obtain the desired film composition. The substrates were heated to 150 °C, and biased to -150 Vdc during deposition. All films were ≈ 2 microns thick.
Ball-on-disk tests were performed at different temperatures in air (40% relative humidity) on the films with a Mohawk HTP-40 high temperature tribometer. The sliding rate was 0.20 m s -1 for each run with a 100g load. A new ball and film sample were used at each temperature. The film was heated to the desired temperature before the start of each test, and was maintained until completion.
RESULTS AND DISCUSSION
Three films, with characteristics listed in Table I , were selected for consideration here. The friction coefficients of each film material at temperatures from 25-700 °C are shown in Figure 1 . The monolithic YSZ film containing 24 at. % Ag and 10 at. % Mo exhibited a friction coefficient of ≈ 0.4 for all temperatures, however Figure 2 shows that the film only lasted for approximately 4500 cycles at 500 °C. Figure 3 shows a cross sectional micrograph of the surface of the film after the 500 °C wear test. The originally monolithic film has segregated into a top layer of pure silver and a bottom layer of YSZ-Mo. The moderate friction coefficient was the result of lubrication of the YSZ-Mo composite with the silver. To improve the wear life of the film, a layered film with two 1 micron layers of YSZ-24Ag-10 Mo separated by a thin layer of titanium nitride to act as a diffusion barrier layer was produced.
The structure was designed to keep the bottom YSZ-Ag-Mo layer in the as-deposited state, while allowing the top layer to adapt to the high temperature wear conditions. The crosssectional composition map shown in Figure 4 illustrates that the structure effectively prevented silver segregation from occurring in the lower film layer. The film with the layered structure lasted over 5 times longer than the monolithic film of the same composition and total thickness as shown in Figure 2 . Figure 1 also shows friction coefficient of the layered YSZ-AgMo film after cooling to 25 °C. The friction coefficient was higher than in the initial test, but maintained for over 15000 cycles.
To further reduce the friction coefficient, MoS 2 was added to a similar YSZ-Ag-Mo nanocomposite film material. Figure 1 shows that the friction coefficient was < 0.2 at all temperatures for the monolithic film. A sample of the YSZ-AgMo-MoS 2 heated to 500 °C, then cooled to room temperature was also tested. The coating failed quickly, but is expected to exhibit low friction and wear rates when incorporated in a layered structure, similar to that shown in Figure 4 . 
